To assess electronic absorption spectra, molecular docking and the antibacterial activity, new twelve hidrazone compounds having different substituents and in different positions were synthesized and characterized. HOMO-LUMO energies and theoretical electronic spectra of synthesized compounds were computed via Gaussian 09 software. Global reactivity descriptors were computed from HOMO-LUMO energies. 1JXA protein was used molecular docking studies structure. It was selected Staphylococcus aureus ATCC 29213 and
Introduction
Hydrazone derivative compounds are widely used in chemistry. These compounds have both biologicals activity and light emission diode (LED) [1] [2] [3] [4] , and chemosensor properties [5] [6] [7] [8] [9] [10] . It is quite popular in theoretical and X-ray studies of this class of compound [11] [12] [13] .
To understand behaviour of a compound in solution is important to know how to act in a chemical reaction. Action in solvent of a dissolved compound is due to solute-solvent interactions. There are lots of article regarding this issue [14] [15] [16] .
This compound class is also effective on enzymes. It has studied the monoamine oxidase enzyme of hydrazone derivatives. It has been shown that hydrazone derivatives interact with monoamine oxidase, and this interaction was confirmed with docking programs [17] [18] [19] [20] [21] . Also the activity of some hydrazone derives on cyclooxygenase 1 and on cyclooxygenase 2 have been investigated. These enzymes are responsible for inflammation [22] [23] [24] [25] [26] .
Besides the properties mentioned above, the antibacterial activity of hydrazone derivatives has also been studied extensively. Several literatures on antibacterial activity are given below.
Souza et al. [27] investigated antibacterial and cytotoxic activity of biflorin based hydrazine.
Anacona et al. [28] studied activity of diacetylpyridine bis(hydrazone)derivative. Aslan et al. [29] examined efficient of sulfonamides and sulfonyl hydrazones on bacteria. Soayed et al. [30] investigated antibacterial effect of barbturic-hydrazone complex. Bacteria have developed resistance very quickly against antibiotics. There are a lot of article about this topic [31] [32] [33] F o r R e v i e w O n l y 3 New trend in drug development studies is to analyse of the chemical substance synthesized in the processing computer environment. Presently available in the relevant articles on this subject [34, 35] Therefore, in our study, antibacterial activity of the title compounds has been studied. It is used software to identify the possible regions where ligands can bind to proteins. Such software allows predicting the binding site. For the detection of the regions affected by the compounds, theoretical calculation has been done in this study.
This study was synthesized and characterized twelve hydrazone derivatives. These compounds were synthesized for the first time by us. It was investigated different substituents' effect in DMSO with UV-Vis device of these compounds. Finally, it was observed antibacterial activity and Docking properties of the title compounds. For the title compounds are synthesized for the first time by us, this work is original.
Experimental Details
Benzaldehydes (3-F, 4-F, 2-Cl, 4-Cl, 4-CH 3 , 4-NO 2 ) and thiosemicarbazide were from Merck. 3-Cl, 2-CH 3 , 3-CH 3 , and 2-NO 2 benzaldehydes were from Aldrich, and 2-F benzaldehyde was purchased from Sigma-Aldrich. 3-NO 2 benzaldehyde was obtained from Fluka Chemica. Genta (Ibrahim Ulagay), Mueller Hinton Agar and Mueller Hinton Broth (Oxoid) were used as test compound and to produce bacteria. Melting points were determined on a Gallenkamp melting point apparatus. IR spectra was recorded on a Mattson 1000 Fourier transform-infrared (FT-IR) Spectrometer using KBr pellets in the range from 4000 to 400
A Varian-Gemini 400 MHz spectrometer and a Perkin Elmer lambda 35 device were used to take NMR spectra and UV-Visible spectra respectively.
General Synthesis Scheme
The procedures for the synthesis of compounds are the same as described in our previous study [36] . Synthesis scheme and chemical structure of title compounds are given in Quantum chemical calculations were made using Gaussian 09 software [37] . Autodock
Vina [38] and Discover Studio Visualizer 4.5 programs [39] were used for docking studies. 
Antibacterial activity

2-chloro-N'-(3-fluorobenzylidene)-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)acetohydrazide (2)
White crystals. 
2-chloro-N'-(4-fluorobenzylidene)-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)acetohydrazide (3)
Yellow crystals. 
2-chloro-N'-(2-chlorobenzylidene)-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)acetohydrazide (4)
2-chloro-N'-(3-chlorobenzylidene)-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)acetohydrazide (5)
2-chloro-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)-N'-(2-nitrobenzylidene)-acetohydrazide (7)
Yellow N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)-N'-(3-nitrobenzylidene) 
2-chloro-
2-chloro-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)-N'-(4-nitrobenzylidene)-acetohydrazide (9)
Orange forms [40] . In this study, the absorption peaks at 420-580 nm are probably related to N-N=CH group.
2-chloro-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)-N'-(3-methylbenzylidene)acetohydrazide: (11)
2-chloro-N-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2-yl)-N'-(4-methylbenzylidene)acetohydrazide (12)
As can be seen in Fig. 3, Fig.4 and Fig.5 , there are wide peaks at 440-580 nm regions for compounds 1, 2, and 3. For the compounds containing F atom in ortho and in para position, it was observed their absorption wavelength maxima approximately at 513 nm.
When F atom is connected in meta position on benzene ring, λ max was observed at 471 nm.
When Cl substituent is located in ortho position, peaks in 420-600 nm regions for compounds were not observed. This effect can be attributed to inductively electron-withdrawing properties of the chlorine atom. If Cl atom located in meta and in para position in the compounds, a 515 nm absorption peak was observed. We can say that the dominant mesomeric effect in meta and in para positions for compounds 5 and 6, and in meta and in para positions. If methyl group is in ortho, meta and para positions, compounds display similar absorption spectra in 420-600 nm regions. As known, NO 2 group has electron withdrawing character. Compounds, nitro group connected to their benzene rings, absorption peaks shifted blue region and were observed at 350-450 nm for compounds 7, 8, and 9. Electronic spectra were calculated in terms of time-depended density functional theory (TD-SCF) and presented in Fig. 6 .
The experimental and calculated electronic spectrum values of the compounds are given in Table 2 . Because only one molecule is calculated in the theoretical calculations. In experimental electronic spectra the number of molecule is more than one. In theoretical Table 2 Antibacterial activity
The compound 1 did not show any effect against E coli as seen in Table 3 . If fluorine atom is shifted down to para position, the MIC value of the compound was measured as 1 µg/mL. The compound 3 was observed to be the most effective against propagations of E.Coli. Similarly, compounds 7 and 9 were found to be the most effective against the reproduction of P.aeroginosa. The most powerful compound against the growth of E.faecalis was ascertained to be 7. The MIC values of compounds are summarized in Table 3 . Table 3 Analysis of frontier molecular orbitals and global reactivity descriptors
The energies of the HOMO and the LUMO energy are calculated using B3LYP/6-311 method and the energy gap of the LUMO-HOMO is by taking the energy difference. When the HOMO energy is on localized benzene and thiazole rings and CH 2 -Cl group, the LUMO energy are localized benzene ring and CH 2 -Cl group for 1 and 3. For 2, the HOMO energy is on localized thiazole ring and CH 2 -Cl group. The LUMO energy is localized benzene ring and CH 2 -Cl group. The HOMO and the LUMO energy diagrams for 1 are given in Fig.7 . Energies of frontier molecular orbitals (E HOMO , E LUMO ), have been used to calculate global reactivity descriptors. Electronegativity, Chemical potential, Global hardness, Global softness,
electrophilicity index were calculated according to literature [41] [42] [43] [44] . The global reactivity descriptors of all the compounds are given Table 4 .
The highest compound of electronegativity value was calculated as compound and the lowest compound was compound 12 (Table 4) . Electronegativity of 9 and 12 were calculated as 7.0783 and 4.1993. [45] . Results of the docking studies are summarized in Table 5 .
After the docking process, representation of the compound 1 embedded in the active site of 1JXA receptor is also given in Figure 8 . It was taken RMSD value smaller than 2A [46] . Table 5 During Docking process, the RMSD value of 12 molecules resulting less than 2 Ä has shown that 1JXA protein structure might be the right selection for the compounds. The smallest binding affinity has been found as -10.0 kcal/mol for compound 1.
Figure 9a-figure 9b
As it could be seen in Table 5 , it has been seen that ligand 1 with the best binding ligand affinity has binded to the receptor's substrate binding sites with weak non-covalent interactions yet more noticeable with hydrogen bond interactions. As shown in Figure 7b , It can be stated that all ligands, based on their binding affinities, may be considered as molecules which could constitute potential inhibitor compounds for the 1JXA target protein structure. As a result, these potential inhibitor compounds are promising hope for the future studies followed by next stage activity tests for conformity researches and design of a drug with high selectivity.
Conclusions
Twelve new hyrazone derivative compounds were synthesized and characterized in this study. These compounds were synthesized for the first time by us. Electronic absorption spectra of compounds were investigated in DMSO. The effectiveness of antibacterial activity title compounds against studied bacteria strains was investigated. It was found that the compound 3 was more active than other compounds against E.coli. It was observed that the compounds 7 and 8 were more efficient than the other compounds against P.aeroginosa. Fig. 1 . Synthesis scheme for the title compounds. 
